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uescnpQon 

[0001] The invention relates to a deformable tube. s 
[0002] ft is known from US patent specifications Nos. 
3,353.599 and 5.014.779 to insert a corrugated tube 
into the weflbore of an underground borehole and to 
expand the tube downhde into a tubular shape. 
[0003] US patent specification No 5.366.012 dis- to 
doses the expansion of a dotted pipe of which the slots 
open up as a result of the expansion so as to reduce the 
radial forces needed lo expand the pipe. 
[00O4] The use of slotted or Initoly cornjgated p^pes 
has ihedfcaoVantage tut ihe expanded pipeshavea is 
timfted mechanical strength. 
[0005] tnternelk^patert 

WO 96/00626 discloses the expansion of an undotted 
cyfindrical pipe by means of an expanston mandrel. 
[0006] A cSsacVantage of the latter expansion method » 
is that forces to expand the pipe are retativery Ncjh and 
that the cepe contracts as a result of the expansion proc- 
ess. 

[0007] ft is an object of the present invents 
ate the Disadvantages of the known techniques and to 25 
provide a robust and dstormabte tube which can be 
expanded or otherwise deformed by using a relatively 
tow deformation force. 

[0008] The deformable tube according to the invention 
thereto comprises a wal which is at least party formed 
by a number of tubules, wherein at least one tubule is at 
(east pertty c^forrned in response to defornmbon of the x> 

tube. 

[0009] The deformation may o^ftoter*ng or other 
.change of the tubutar. shape of the tubutes._wbich 
requires prindpafly bending forces which are signifi- 
cantly tower than the tension forces that are required to 40 
expand a tubular cylindrical ripe. 
[0010] It may be required to obtain a tube which can 
be deformed easily in an axiaJ or in a radial direction or 
in both directions A rac&afiy deforrnabte tube is useful if 
the tube is tor example to be used as an oi and/or gas 45 
production tubing which Is to be Irwerted into a relatively 
narrow end Irregutarry shaped underground welbora 
An axiafiy o^tormaWe lube is useM if the ttf» te a prr> 
auction few or tubing, a wet casing or other well tubutar 
wNchte Installed in a caipac^ » 
is a risk of bucking of the wsi tubuJars as a result of the 
compact ion process* 

[0011] HaracfaflycUriorrnebletii>ei*^^ 
ferred that the wall of *e tube is at least partly formed 
by a series of axial tubuteswhich each exterdinaclrec- « 
tkxn substantially parallel to a longftucinal axis of the 
tube such that upon a radtal deformation of the ti>e the 
axiai tubules are at least partly deformed. 



[0012] If an axiafly deformable tube is required ft i6 
preferred fratthewaJlofthetubeisat least partly 
formed by a series of torodal tubutes which extend in a 
substantial circular direction around a Icogrtuolnal axis 
of the tube such that upon axiai deformation of Ihe tube 
the toroidal tubules are at least partly flattened w other- 
wise deformed. 

[0013] If a tube is required which is both axiafly and 
radially deformable, it is preferred that the wal of the 
tube is at least partly formed by one or more heficat 
tubules which extend in a substantia&y helical direction 
with respect to a fongitucinal axis of the Ube such that 
urpondefomwtionoftrwtube«^ 
ented at an angle relative to a longjturJnaJ direction of 
each of tie helical tubules, at least one of the helical 
tu bule s is deformed 

[0014] The tubules may be made of a metal, plastic 
rubber or other material and may be welded, brazed, 
bonded or otherwise secured to aojacent tubules or 
other parts of the wall of the lube. 
[0015] The tubules may before expansion have a 
folded, cyfirxlncai, etipbcaJ or prismatic shape and may 
as a result of the expansion be unfolded or flattened into 
an affpfeal, cylindrical or prismatic shape. 
[0016] Suitably, the tubules contain at the outer 
periphery of the tube openings or weak spots which 
open up as a resutt of the deformation process such that 
one or more fluids are squeezed from the Interior of Ihe 
tubutes into the space sunouncBng the tube. 
PJ017] In that case the fluids that are squeezed from 
the interior of the tubules may contain one or more 
chemkaJs, such as a chemical treatment fluid or com- 
ponents of a liquid cement slurry or conyonents of a 
curing agent which components are onry rixxed when 
or after they have been squeezed out ol the tubutes. 

Rn^d«crk^nfthedrawir«6 

[0018] The invention wfll be described In more detail 
and by way of example with reference to Ihe accompa- 
nying drawings, in which 

Fig. 1 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a waft 
that is made of a series of axial tubutes which are 
cyindhcal before expansion and eKptfcal after 
expansion; 

Fig. 2 is a cress-axial sectional view of a tube bo*i 
before and after expansion, which tube has a wan 
that cornprtses a series of axial tubules which are 
prismatic before expansion and elliptical after 
expansion: 

Rg. 3 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wan 
that is made of a series of axial tufcilea which are 
effipfcaJ both before and after expansion; 
Rg. 4 is a cross-axial sectional view of a tube 
before expansion where the wall of the tube con> 
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prises a series of axial tubules and the tube is 
folded into a substantially flat shape before it is 
unfolded and expanded; 

Fig. 5 is a bngrtudriaJ sectional view of a tube 
which comprises a wal that is made of a series of 
toroidal tubutes; 

Rg. 6 is an enlarged deiai showing the cyf ndricaJ 
shape of three of the toroidal tubules that are encir- 
cled in Rg. 5; 

Rg. 7 is a longrtucBrtal sectional view of the tube of 
Rg. 5 after axial compression of the tube; 
Rg. 8 'c an enlarged detal showing the eBjptkal 
shape of three of the toroidal tubules that are encir- 
cled In Rg. 7; 

Rg. 9 is a cross-axial sectional view of a racSaRy 
expandable tobe comprising six axial or heficeJ 
tubules both before and after expansion of the tube; 
Fig. 10 is a cross-axtel sectional view of an unex- 
panded tube of which the wal comprises a series of 
folded tubule* which untoW into a cyliridrica] shape 
during the process of expanding the tube; 
Rg. 11 is a cross-axial sectional view of another 
unexpended tube conf iguration where the wafl com- 
prises a series of folded tubes which unfold into a 
cylindrical shape during the process of expanding 
the tube; and 

Fig. 12 is a cross-axial sectional view of an unex- 

psndedtubewhk*tofoscpeno 

process and which comprises a tubule which acts 

as a plastic hinge and whch is flattened as a resort 

of the expansion process. 



iption of the invention 



10023] If the tube 1 is to be used permanently in the 
cavfty 2. for example if the tube 1 is to be used as a well 
casing, then at least some of the tubules 3 may be fled 
with Squid cornponents of a cement slurry or other cur- 

5 ng agent such as a silicone gel and tie outer wail of 
these tubules may contain openings 7. or weak spots 
wttchareopenedasaresuttorftte 
via which said Bquti components are squeezed into the 
surrounding annular space 8 surrounolr^ the expanded 

to tube 1 and the liquid cornponents mix up and cure to a 
hardened cement silcone or other cured sealing com- 



[0019] Referring now to Rg.1 there is shown a tube 1 
In a cylndncal weftxxe or other cavity 2. which tube 1 
has a wal that is made up of a series of axial tubiies3 
which are substantially cylindrical before expansion of 
the tube 1 and elliptical after expansion of the tube 1 to 
an enlarged diameter, as illustrated by reference 
numeral 3B. 

[0020] The tube lean be expanded by an expanse 
mandrel (not shown) or by increasing the hydraulic 

expansion process the tubules 3 are subject to a bend- 
tag process so that relatively tow forces are required. 
[0021] W the tubules 3 are made of steel or another 
metal then it is preferred *iat the tubutos 3 are sintered, 
welded or brazed together along the length erf the areas 
5 where the tubules 3 touch each other. 
[0022] rf the tutxJes 3 have an irnpermeable wal and 
the tube 1 is used temporarily in the cavity 2, tor exam- 
ple to provide a temporary seal, then the tube 1 can be 
radially contracted again by pumping a high pressure 
fluid into the interiors 6 of the tubules 3. which wi 
induce the flattened tubules 3B to resume their tubular 
shape, so that the tubel radial shrinks and can be eas- 
ily removed from the cavity 2. 



[0024] Rg. 2 lustrates an ahematrve errtoodiment of 
the deformable tube according to the invention. This 
is tube 9 is also radially deformable and comprises a 
series of tubules 10 wr^ are prisrrw^ before e)^ 
sion and effipOcal after expansion, as ■ustrated by refer- 
ence numeral 108. 

{00251 The tubules 10 are arranged substantially par- 
se aJW to the longitudinal axis 11^ 

9. The tubules 10 are made of steel or another metal 

and are connected to each other by longraidinal welded. 

brazed or sintered bonds 11. 

[0026] Rg, 3 shows yet another ernbotfment of the 
25 deformable tube according to the invention, in which the 

tube12isradiafydeforTnablearri 

tubules 13 which are effiptical before and wWcn have an 

eflipticat, almost flattened shape after radial expansion 

of the tube 12. 

so [00271 In this ernbodimerrt the tubules 1 3 deform from 
a first effiptfcai shape, illustrated by reference numeral 
13A In which the largest width of the effipticaJ tubules 
13A has a racial orientation into a second effipticaJ 
shape, iSustrated by reference rwriieral13B in which the 

as topest width of the efljpt^ 
Hal orient at ion. 

10029) Referring now to Rg. 4 there is shown a 
deformable tube 14 which comprises a series of axial 
tubutes 15, wherein two pairs of tubules at opposite 
40 sides of the tube 14 are interconnected by plastic 
hriges 16. These plastic hinges 16 alow the tube 14 to 
be stored and transported in a flattened shape e g 
around a reeling drum (not shown). 
[0029] When tie tube 14 is then unreeled from the 
45 reeing drum it can be brought into a cyf ndrical shape 
by a guide funnel (not shown). V the tube 14 Is to be 
used Inside a weJ or inside another aixiarthecyfindri- 
caJ tube 14 is then reefed into the weflbore <x the interior 
of the other tubular and expanded for exarnple by pump- 
so ing a high pressure fluid Into the Interior 17 of the tube 
14. 

[0030] The mrfetty flattened tube configuration shown 
in Rg. 4 allows an easy storage and transport of the 
tube 14. e.g. on a small diameter reeling drum, during 
66 the rnanufacturing stage and during transport from the 
marxjtacturing site to the site where the tube 1 4 is to be 
used. 

[0031] Figures 5. 6, 7 and 8 show yet another errfcod- 
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iment of the deformable tube according to the invention 
in which the tubules 18A. B have a toroidal shape in 
order to make the tube 19 axiaJty deformable. 
[0032] The tube 19 shown in Fig. 5 can be a procfoc- 
tion liner in a cornpactng ofl or gas bearing fonnaiioa * 
where as shown in detafl in Fig, 6 the toroidal tubules 
18A have a substantially cyfcidricaJ shape. In the config- 
uration shown in Rg. 7 the tube 19 has anally con- 
tracted so that its length is 18% shorter than its original 
length shown In Fig. 5. 10 
[0033] As a result of the arial contraction of the tixj 

19 the tubules 188 shown in Rg. 7 have been deformed 
Into an elptical shape, as is shown in more detail in Rg. 
8. 

(0034] Refemngnowtor^ Othereisshownatobe « 

20 which is eapended within a weflbore 21 or other cav- 
ity. 

[0035] The tube 20 has a wait that comprises six 
tubules 23. 24. 25. 28. 27 and 28 which extend in an 
axial or hsJfcaJ cortiguration relative to the tongitudinal » 
axfe 29 of the lube 20. 

[0036] Adjacent tubules 23,24.25.26.27 and 28 are 
irtercormectedakxigtoertenp^ 
Plastic hinges 22 are located in the wafta of the tubules 
23-28 at both sides of each weld 32. « 
[0037] This unexpanded tube 20 is shown at the cen- 
tre of the drawing. The six unexpanded tubules 23-28 
each have the form of a pie sector and only a minor gap 

30 is present between adjacent tubules 23-28. To 
expand the tube 20 a pressurized fluid is pumped into so 
the gaps 30 which wffl induce the tube 20 to expand until 
the walls of the tubules 23-28 are stretched and/or the 
outer walls of the tubutes 23B-28B are pressed against 
the weflbore 21. 

[0038] The volu m e effi cie nt tube configuration shown * 
in Fig. 9 Is attractive I tie tube 20 Is to be Inserted into 
the wefcore 21 via a narrow excess, such as a small 
cfiameter production tubing. Furthermore the internal 
volume of the unexpended tubules 23-28 is relatively 
large whereas the internal volume of the expanded «o 
tubules 23B-288 is relatively small so fiat H the wads at 
the outer rircumference of the tubules 23-28 are perfo- 
rated or become during expansion otherwise fluid per- 
meable a retatwery large volume of fluids is squeezed 
from the irtterior of the tubules 23-28 into ths surround- <s 
ing anmAjs ancVbr formation. 
[0039] InthiBwayBrelal^^evolumeofaseaJ^ 
agent and/br treatment fluid can be injected into the 
annul us surrouncSng the tube 20 and/br the formation 

31 surrounding the wefcore 21. so 
[0040] Theexterriairyperrr*aJbtetii>e^ 

able to inj ect treatment fluids into an underground for- 
mation 31 which comprises atong the length of the 
weflbore 21 layers of varying permeabaity. If the outer 
watedtrw tubules 23-28 rtaveasip^^ « 
permeability than the surrounding formation 27. then, 
as soon as the outer wall of the tubules 22B-26B is 
pressed against the wellbore 21. a relatively constant 



flux of treatment fluid w» be squeezed into the various 
surrounding formation layers so truths risk of injection 
of treatment fluid mainly into the permeable formation 
layers arid by-passing of less permeable layers is mini- 
mized. 

[004 1] Mm© tube 20 te used as a treatment fluid injec- 
tion tool then the outer waBs of the tubules 23-28 may 
be made of a permeable rubber and/or a fabric and the 
inner walls of the tubules 23-28 which face the interior 
30 of the tube 30 may be made of an impermeabie rub- 
ber. After Injection of the treatment fliids the pressixe in 
the interior 30 oftfw tube 20 maybe reduced so that the 
tube 20 radially contracts and can be removed from the 
borehole. 

[0042] Instead of alowing the tobe 20 to axitract after 
fluids have been injected into the formation the tube 20 
may be aBowed to harden In the expanded position 
against the weflbore 21 by irr pregnat tog the fabric or 
other material with a slowly curing epaxy or other plastic 
imposition, so that the solkflfied aAe 20 then serves 
asaweflKner. 

[0043] Thetube20andthetii)ecor*lgur^ 
in Figs. 1-4 may also have walls that are made of a sieve 
material. In that case the tube may be expended by an 
expansion cone or by a balloon that Is inflated in the 
interior of the tube. 

[0044] Since the sieve material that then forms the 
walls of tubules is mainly bent and not or hardly 
stretched the sieve opening size wiB remain fainy con- 
stant during the expansion process The experided tube 
of sieve material then serves as a titer that prevents 
sand and other solid materials to enter the weUxxe 21 
[0045] The racOaly expandable tube 20 and the other 
radafly sxpandabl e tube configurations shown in Figs. 
1-4 may also be made of tubules 23-28 which are made 
of a fluid irnpermeable material, such as steel which 
onJy deforms if the pressure in the interior 30 of «ie lube 
exceeds a pre-set level, m that case the tube may be 
instated as a production tubing which serves as a 
downhd e blow-out preventer which expands and seals 
of the annurus surrounding the production tubing if a 
blow-out occurs. The radially expandable tube configu- 
ration shown In Rg. 9 can also be used as a dril string. 
In that case driffing mud is pumped through the interior 
of the tubules 23A-28A during drifting. At the end of a 
drift* cycle high pressure fluid Is injected Into tie Inte- 
rior 30 of the tube 20 so tiat the tube 20 is expanded 
against the borehole wall 21 and forms a fining of the 
weflbore and the dril bit and downhole motor assembly 
is puled to the surface by a wireline or colled tubing 
passtig through the interior 30 of the tube 20 and also 
serves as an expansion cone. 
[0046] If only minor expansion of the tube is required 
then the waO of the tube may be prodded with only one 
or a few axial or heBcal tutUes, 
[0047] If the wals of the tube 20 or the other radially 
expandable configurations are made of a rubber or 
other elastically detormable material then Ihe expanded 
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tube may servo as a high expansion packer or bridge 
plug. 

[0048] ttwillbeurderstoodthatttlhetubu^arerxi' 
ented in an axial oVecboo a racially deformatietubewl 
be obtained. B the tubules ore oriented In a ctrcumferen* 5 
ttat Direction as shown m Figs. 5-8 then an axiaOy 
deformable tube win be obtained. 
(0049] If the tubules a/e oriented in a hetical direction 
the tube win be deformable both in axial and radial 
directions and the pitch angle ot the heScaJ conf igura- to 
tion of the tubules wU then influence the degree in 
wttch the tube * euriaity or rariiaJfy ctefocmabte. 
[0050] Rg. 10 shows a configuration where a tube 40 
cornprfeee a wait tart consists of a series of axial toida- 
bfetixJes41. « 
[0061] If the tubules 41 are made of steel men they 
are interconnected tide by side along their length by 
axial welds 42. Each UxJe 41 ccrnprlses at tie outer 
drcunfarence of the tobe 40 a single plastic hinge 43 
and at the inner arcumference of tie tube 40 a set of 20 
four plastic Nnges 44, 45, 46 and 47. Each of these 
plastic hinges 43-47 is formed by machining an axial 
groove in the inner and/or outer surface of the waO of the 
tubule 41. 

[0082] The set of tour plastic hinges 44-47 defines a 2s 
wal segment where the tubules 41 can be folded 
inwardly to form a Li- or delta-shaped recess 48 that 
faces the Interior 49 of the tube 40. 
[0053] Thetii>e40teexparKledbyrjurTp^apressu^ 
rired fluid mto the interiors 50 of the tubules 41 which so 
causes the tubules to unfold by rwipjig about the plastic 
hinges 4M7 so that the tubules 41 each obtain a cylin- 
drical shape (not shown). 

[0054] Asaresuftc4theurtok^o1thetLJUites41 the 
tube 40 obtains a larger external and WemaJ dtameter. as 
[0055] Fig. 11 shows another tube 51 which com- 
prises a wafl that consists of a series of axial toldabie 

tubules 52. 

[0056] If the tubules 52 are made of steel then they 
are rteruomected side by side along their length by <o 
axial welds 53. Each tubule 52 cornprises both at the 
outer and the inner circumference of the tube 51 a set of 
four plastic hinges 54 that are formed by machining 
axial grooves in the inner and/or outer surface of the 
waH of each tubule 52. <* 
[0057] Eachsetoftourplastfohinges54dennesawal 
segment where the tubules 52 can be tofoed inwardly to 
form a U- or delta-shaped recess 55 that faces either 
the exterior 56 or the interior 57 of t» tube 51. 
[0058] The tube 51 is expanded by purrx^ a rxessu- 50 
rized fluid into the interiors 58 of tie tubules 51 which 
causes the tubules 52 to unfold by hinging about the 
plastic hinges 54 so that the tubules each obtain a cylin- 
drical shape (not shown). 

[0069] As a result of the unfokfing of the lubules the ss 
tube 51 obtains a larger external and internal dtameter. 
[0060] Fig. 12 shows a toldabie tube 60 which com- 
prises at its lower side a single plastic hinge that is 



formed by an axial tubule 61 and at Hs upper side a set 
of four plastic hinges 62 that are formed by machining 
axial grooves in the outer or Inner surface of the wan of 
the tube 60. 

[0061] The four plastic hinges 62 define a detta- 
shaped recess 63 at the upper side of the tube 60, when 
tie tube is in its fatted shape. 
[0062] Thetube60isunfoWedbypurrpingarxessu^ 
rized ftukjirrto the interior 64 of the tuoe 60. This causes 
the tube to unfold in the Direction of the arrows into the 
cylindrical shape which is illustrated by the broken Ines 
60A. The tubule 61 then acts as a plastic hinge and 
obtains as a result of the unfolding of the tube 60 the 
elipticai shape which te illustrated by broken ines 61 A. 
{0063] Thetubule61 is rracte d a plasteBy deform- 
able material, such as a tormabte NgMfrength tow- 
sJoy or dual phase steel grade, which also provides 
flexlbfty to tie tube 61 In circumferential drecfon dur- 
hg the unfokfing procedure. After t>e urtfokSng proce- 
dure a curing agent may be pumped into the irrtenor 65 
of the elliptical tubule 61 A to reinforce the tubule 61A. 
The irtenor 65 of the tubule 61 may cornprise electrical 
andfor hydrauSc conduits for transmission of electric 
and/or hydrauSc power and/or signals along the length 
of the tube. 

[Q064] The errtxxfiments of the deformable tube 
shown in tie drawings provide a tube which can be 
deformed easily and which can be reeled on a reeing 
drum. The tube can be unreeled from the drum and 
nected into an underground borehole or other cavity in 
whfch the tube is to be used. The tube is subsequently 
deformed Inside the borehole or other cavfty by chang- 
ing tie tubulajsnape done or more tiW 
of the tube. The deformation may involve Rattening. 
unfokSng or other deformation of the tubule or tubules. 

Claims 

1. A deformable tube having a wall which is at toast 
partly formed by a number of tubules, wherein at 
least one tubule is at toast partly deformed tn 
response to deformation of the tube. 

2. Trie deformable tube of daiml, wherein the wal of 
the tube is at toast partly formed by a series of axial 
tubules which each extend In a direction substan- 
tial iy parallel to a tongftuftnal axis of the tube such 
that upon a radial deformation of the lube the axial 
tUbules are at least party deformed. 

3. The deformable tube of daim 1 . wherein the wal of 
tie tube is at least partly formed by a series oftoroi- 
dal tUbules which extend in a substantiaJry circular 
drection around a longitudinal axis of the tube such 
that upon axial deformation of the tube the toroidal 
tubules are at least party deformed. 

4. The deformable tube of claim 1. wherein the wal of 
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the tube is at toast partly formed by one a more 
heficaJ tubules which extend in a substantially heft- 
caS direction with respect to a toogrtucfcnaJ *»s of 
me tube such that upon deformation of the tube m a 
direction which is oriented at an angle relative to a 5 
longitucfnaf olfaction of each of f>e helical tubules, 
at least one of the heOcal tubules is at toast partly 
deformed. 

5. Thedeformableti^ofc^l.wtweinthewaHot to 
the tube is at toast partly formed by a number cf 
substantially parallel tubules which are arranged 
side by side and are connected to each other. 

6. The detormabie lube of daim 5. wherein the iff 
tubules are made ot metal and the sides of apairof 
adjacent tobutoe substantially touc* each other and 
are sintered, welded, spot welded, brazed, bonded, 

or otherwise secured to each other. 

20 

7. The detormabie tobe of daim 5, wherein the 
tubutes are made of a plastic or elastomeric mate- 
nal or a fabric and the sides of acfacent tubules 
substantia^ touch each other and are bonded to 
each other. 25 

8. The detormabie tube of daim 1, wherein before 
deformation of the Uw the tubules have a substan- 
tiafy cylindrical shape and deform into a substan- 
baly eilpticai or flattened shape in response to so 
deformation of the tube. 

9. The detormabie tube of daim 1. wherein before 
deformation of the tube the tubules have a substan- 
tMdfy prismatic shape and deform into a substan- * 
tialy flattened shape in response to deformation of 
the tube. 

10. The detormabie tube of daim 1. wherein the 
tubules contain at the outer periphery of the tube *o 
openings or weak spots which open up as a result 

of the deformation process such that one or more 
fluids are squeezed from the interior of the tubules 
into tie space surrounding the tube. 

45 

11. The deformaHe tube of daim ^ 

that are squeezed from Ihe interior of the tubules 
contain one or more chemicals, such as compo- 
nents of a liquid cement slurry. oompona * of a 
curing agent or a chemical treatment fWd so 
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Fig.3. 
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Fig.9. 
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